The biodiesel emerged as a substitute of standard diesel and could be considered a renewable and clean energy source. The transesterification reaction is considered the critical step in biodiesel production. The reaction between a short chain alcohol and chain triglycerides occurs in presence of a catalyst, which could be homogeneous or heterogeneous at reaction system. Trying solving the problems presented by homogeneous catalysis and finds viable applications conditions with heterogeneous catalysts, this work aimed to prepare and characterize a heterogeneous catalyst by chitosan with nickel (metallic complex) and then applies it in biodiesel production in laboratory scale. Simultaneous thermogravimetry and differential scanning calorimetry (TG-DSC) and Fourier Transform Infrared Spectroscopy (FTIR) to characterize the catalyst. To characterize the biodiesel were used Fourier Transform Infrared Spectroscopy and measurements of viscosity and density.
Introduction
The chitosan is the second most abundance polymer finds in the nature [1] . Its occurs could from alkaline deacetylations of chitin, which is finds exoskeleton of crustacean [1] [2] [3] . The units -[1→ 4]-linked 2-acetamido-2-deoxy-Dglucopyranose and 2-amino-2-deoxy-D-glucopyranose constitute the polymer structure [2] . According the polymer has to show a degree of deacetylation (DD) higher than 60% to be considered chitosan, a DD smaller indicates it is considered chitin. Between the applications of chitosan are the removal of heavy metals from industrial wastewater [3, 4] , drug delivery [5] , and how catalyst in transesterification reaction [6] [7] [8] [9] [10] . In the last application, beside in its pure form, the chitosan has been tested how support to metallic materials [2] .
This application is because the chitosan shows high affinity by metals due the presence of amines and hydroxyls groups in its structure, what induces specific properties in catalyst [2] . The sorption on metal on chitosan is controlled by the pH system. This interaction could be interpreted as an electrostatic attraction, or a formation of ion pairs and, the most common, metal chelation, depending of the pH used in synthesis [2] . In transesterification reaction the chitosan shows good results when applied how heterogeneous catalyst [6, 10] . This reaction occurs between triglyceride oil and a short-chain alcohol such as methanol or ethanol in presence of a catalyst [11] . The transesterification reaction is the critical step in biodiesel production [11, 12] , which is considered as a sustainable energy source that takes the place of standard diesel [11] , and could be realized under homogeneous or heterogeneous catalytic conditions [12] [13] [14] . Under homogeneous conditions some problems are observed, such as difficulty in separating the catalyst after end reaction [13, 14] . The research in heterogeneous catalyst has been increasing aim to solve some problems showed by the homogeneous catalysts, beside this, the use of heterogeneous catalyst provide a final product whit higher purity [13] . Trying to solve these problems and find viable applications conditions with heterogeneous catalysts, this work aimed to prepare and characterize a heterogeneous catalyst by chitosan with nickel (metallic complex) and then apply it in biodiesel production in laboratory scale.
Materials and Methods
The preparation of catalyst was by the precipitation method: aqueous solution (0.01 mol L -1 ) of nickel chloride (Sigma Aldrich 98%) was prepared and then its pH was adjusted to 4.5. 1.0 gram of chitosan (Sigma Aldrich > 75% deacetylated) was added and the mixture was kept stirred for 2 hours. Thus after this time, the suspension was filtered vacuum, washed three times with distilled water, so the resulting was a green solid, that was stored in desiccator. The characterizations of chitosan and of the Ni-chitosan complex were obtained by simultaneous thermogravimetry and differential scanning calorimetry (TG-DSC) and Fourier Transform Infrared Spectroscopy (FTIR). TG-DSC curves were obtained using a Netzsch equipment, model STA 449 F3 Jupiter, using about 10 mg of sample, platinum crucibles of 30 μL, the purge gas were dry air and nitrogen with flow rate of 50 mL min -1 , and a temperature range of 30 -1000 ºC and a
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heating rate of 10 °C min -1 was adopted. The spectroscopic data were obtained using the Agilent Technologies equipment; model Agilent Cary 630 FTIR Spectrometer, operating in the range of 4000-650 cm -1 with ATR accessory and diamond crystal. The biodiesel was synthetized in homogeneous and heterogeneous conditions, ranging the catalyst and keeping up the reaction conditions, excepted by the time: 2 h to homogeneous catalysis and 72 h to heterogeneous catalysis. This variation was adopted because under same conditions, usually, the heterogeneous catalysis is slower than homogeneous catalysis to reach the equilibrium. The reagents used were soybean oil (commercial oil) and methanol (Merck ≥ 99.9 % ) and the reactions conditions: molar ratio alcohol: vegetable oil was 6:1; catalyst: 1 w.t.% (mass fraction) relative to mass of soybean oil; and temperature at 60 ºC. NaOH, in solid state, was used as catalyst in homogeneous conditions, it was previously dissolved in methanol (1.65 mol L -1 ) then the vegetable oil was added. Ni-chitosan was applied in heterogeneous system and chitosan was tested to verify if it is just a catalyst support or show any catalytic activity. The both compounds were added simultaneously with methanol and vegetable oil in reactional system. After ending transesterification reaction, the mixture was filtered with cotton then transferred to a separating funnel, thus was observed the separation in two phases, biodiesel (less dense) and glycerol (more dense). The superior phase was washed three times with distilled water at room temperature, and one more time with distilled water at 60 ºC. In the homogeneous catalysis, before the last wash, the system was washed with hydrochloric acid to neutralize the NaOH still present in solution. After all washes the solution pH was measurement. The drying of biodiesel was made in a kiln, at 80 ºC by 24 h. The product was stored in an amber bottle to prevent the photodegradation. All synthesis was made in triplicate. Biodiesel spectroscopy data were obtained by the same equipment and same conditions afore mentioned to catalyst characterization. The density and absolute viscosity of biodiesel were measured using a pycnometer and a digital viscometer of the Brookfield equipment, model Brookfield DV-IPrime, using the SC4-18 spindle model at 12 rpm, respectively.
Results and Discussion
The TG-DSC curves of chitosan and Ni-chitosan complex in air and in nitrogen atmosphere are shown in Fig. 1 and Fig. 2 respectively. In air atmosphere the chitosan ( Fig. 1.a) and Ni-chitosan complex ( Fig.1 .b) exhibited similar thermal behaviour: the first mass loss occurs in the range of 30 -141 ºC and were associated to dehydration of compounds as evidentiated by the endothermic peak in DSC curve. The content of water observed to chitosan was 11.69% and Ni-chitosan complex was 8.73%. The both compounds showed thermal stability until approximately 200 ºC, when the degradation of polymers started. This step occurs in two ranges: 202 -367 and 367 -601 ºC to chitosan; 199 -369 and 369 -595 ºC to Nichitosan and according with the DSC curves are associated to thermal degradation and oxidation of organic matter respectively. The final residues of Ni-chitosan (8.23%/ 6,47% de Ni) and of chitosan (3.64%) showed green and greyish white colour respectively. The first residue, probably, was NiO, while the second could be from process of production and purification of chitosan. To identify this residue, were realized two qualitative tests. The first test consisted in addition of dilute hydrochloric acid at residue. It was dissolved and any gas release was observed, excluding the carbonate presence. The second test was the flame test to identify the metal and associating the spectra observed (yellow) with the literature [15] , the ion present could be the sodium. This information is consistent, considering the origin of chitosan. Then the residue of chitosan could be associated to Na2O. The low adsorption of Ni, could be explained by the Hard Soft Acid Base (HSAB) theory: the OH and NH2 groups are considered hard Lewis bases and borderline respectively [16] . Than some metals, considered soft Lewis acids, may shows unstable interaction with these groups, decreasing the sorption of these metals on chitosan [17] .
The details of the decomposition steps for both compounds are shown in Table 1 . The TG-DSC curves of chitosan and Ni-chitosan, obtaining under nitrogen atmosphere, are shown in Fig. 2.a and  2 .b respectively. In TG-DSC curve of chitosan the first mass loss (11.08%), are associated to dehydration of samples according evidentiated by the DSC curves, and occurring between 30-160
Página3 ºC approximately. The second mass loss of chitosan (34.99%) occurred in the range 212-406 ºC, and was associated to thermal degradation of material, independent of atmosphere. The third mass loss (9.79%) was associated to degradation of material and is continue until the end of experiment, with a residue of 44.14% at 1000 ºC. The absence of oxidative atmosphere is the reason of this. The Ni-chitosan showed the similar thermal behavior: first mass loss (16.07 %) between 30-160 ºC, the second step (46.88%) and third step (14.02%) occurred between 197-404 and 404-1000 ºC, respectively. The value of chitosan residue (44.14%) is approximately the double of value of Ni-chitosan residue (23.03%). Associated with this, the degradation rate of chitosan, at second mass loss, were 6.25% min -1 or 0.67 mgmin -1 and of the Ni-chitosan 8.43% min -1 or 0.88 mg min -1 , showing the nickel catalytic influence in the degradation step of organic matter. This result is in agreement with same works described in literature [18, 19] . The detail of the decomposition steps under nitrogen atmosphere are shown in Table 1 . [21, 22] . The spectrum of Ni-chitosan, exhibit in Fig. 3 .b, showed the same bands observed in chitosan spectrum. The most of bands could be overlapping, but the bands attributed to O-H and N-H groups were lightly displacement to 3262-3357 cm -1 . Beside this, these bands showed less intensity. This indicates that interaction of OH and NH2 groups with metal.
To prove these interactions was applied the deconvolution method between 2400-3850 cm -1 . The data were normalized and the Lorentz function was utilized to curves fitting. According with TG-DSC curves (Fig. 1 ) the both compounds were hydrates, so partially of bands disposed in this region are from water. To eliminate this interference, the samples of chitosan and Ni-chitosan were dried during 30 minutes; at temperatures of 135 and 150 ºC, respectively. These temperatures were determined by TG-DSC curves (Fig. 1) . The curves fitting to chitosan and Ni-chitosan hydrate and dehydrate, and the values of area between baseline and the curve fitting to each peak are shown in Table 2 and Fig. 4 ., respectively. It is noted, except by peak 7 which curve fitting did not returned to baseline and must not be considering, that all center peak of hydrated samples are very close to the same variable of dehydrated sample. Then, to compare the variation of peaks, one of these was determined as reference. Dividing the peak from spectra hydrated chitosan by the same peak from spectra hydrated Ni-chitosan, and repeating this operation to dry compounds, the peak which less variation (3.8%) was the number 6. Then the other peaks was divided by this reference peak, the values obtained, shown in Table 3 , to Ni-chitosan were different of chitosan; indicating that OH and NH2 groups are involved in complexation with metal Ni. After the end of each heterogeneous reaction, the catalysts, chitosan or Ni-chitosan, were deposited at bottom, showing be heterogeneous to reaction system (Fig. 5) . Using the values measurement of density (ρ) and dynamic viscosity ( ), the kinematic viscosity ( ) were calculated. All these values are shown in Table 4 . According to ANP to be considered as biodiesel, the product of transesterification need exhibit density and kinematic viscosity between 850-900 kg m -³ and 3-6 mm 2 s -1 , respectively [23] . The results of homogeneous catalyst are in agreement with this. In heterogeneous conditions the density obtained were higher than the limits stipulated by ANP, 1.6% (chitosan) and 1.9% (Ni-chitosan) and the values of kinematic viscosity are higher too. They are closer to value obtained to soybean oil, than the values of biodiesel; this indicates the possibility of low extension or non-occurrence of transesterification reaction under heterogeneous conditions. The FTIR spectra of soybean oil, and the biodiesel obtained from homogeneous and heterogeneous conditions are shown in Fig. 6 . Due the similarity of the products obtained under same catalytic conditions, just one spectrum of each catalyst are show now; the FTIR spectrum for the other products of transesterification could be viewed in supplementary material ( Figures S1, S2 and S3 ). The FTIR spectrum of soybean oil (Figure 6 .a) showed bands at 1101 and 1160 which are associated to the O−C stretch of O−CH2C and to the C−C(=O)−O antisymmetric ester bond stretch, respectively, the both bands show the presence of try, di and monoglycerides presents at vegetable oil chain [24] . The band at 1743 cm -1 which is attributed to C=O vibrational stretching presents in triglyceride group [25] . The bands observed at 2844, 2921 and 3008 cm -1 are associated to C-H vibrational stretching [20] . Analysing the spectra of biodiesel from heterogeneous catalysis using the chitosan and Ni-chitosan complex as catalyst ( Figure 6 .b and 6.c respectively), were observed that they had very similarity to spectrum of soybean oil. Occurring practically the spectra overlap. This overlap didn't occur in spectrum of biodiesel obtained using NaOH as catalyst (Figure 6 .d). Some bands are common to others spectra but, the bands at 1101 and 1160 cm -1 were not observed. In place of these, three bands are observed at 1168 cm -1 , 1194 cm -1 and 1245 cm -1 , which the first band is the most intense. This sequence of bands is feature of methyl esters of long chain fatty acids [20] . Further two bands are observed at 1435-1461 cm -1 which could be associated to antisymmetric stretch of O-CH3 and the presence of FAME (fatty acid methyl esters) in product [24, 25] . These presences of these bands indicate that under homogeneous conditions, there are FAME in final product of transesterification reaction. Any of these bands (1168, 1194, 1245, 1435 and 1461 cm -1 ) were observed in product from heterogeneous conditions, but is not possible affirm the nonoccur of transesterification reaction either its extend due to chemical groups with high similarity at reagent, reaction intermediate and final product.
Conclusion
How shows by TG-DSC curves approximately 5% of metal (Ni) was adsorbed on the surface of chitosan. The OH and NH2 groups present in chitosan are involved in this interaction, how observed in deconvolution peak obtained in FTIR spectra. The metal nickel showed a catalytic effect in pyrolysis of organic matter, increasing the degradation rate of 0.67 to 0.88 mg min -1 . The catalyst proved be heterogeneous in this reaction system, however, the analyses of spectroscopy data and the values of density and viscosity obtained to transesterification product, concludes that the Ni-chitosan complex and chitosan showed low or no catalytic activity in production of biodiesel under the experimental conditions adopted.
